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and S t a t e  U n i v e r s i t y  
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INTRODUCTION 
P ine  v o l e s  ( Y i c r o t u s  pinetorum) and meadow v o l e s  (M. 
pennsy lvan icus )  co-occur i n  o rcha rds  b u t  may e x h i b i t  mutual 
avoidance  through temporal  o r  s p a t i a l  i s o l a t i o n .  Though p i n e  and 
meadow v o l e s  have e x h i b i t e d  ove r l app ing  home r?nges ,  i n d i v i d u a l s  
o f  t h e  two s p e c i e s  seldom occupy t h e  same 2m a r e a  a t  t h e  same 
t ime (Pagano d Madison, 1981).  D i f f e r e n c e s  i n  h a b i t a t  u s e  by p i n e  
and meadow v o l e s  may c o n t r i b u t e  t o  t h e i r  s p a t i a l  s e p a r a t i o n  i n  
o rcha rds .  McAnich (1979) found a  weak r e l a t i o n s h i p  between meadow 
v o l e  numbers and s o i l  compaction,  s o i l  mo i s tu re ,  t h a t c h  dep th ,  and 
l i g h t  i n t e n s i t y  and no r e l a t i o n s h i p  between meadow v o l e  occu r rence  
and s o i l  o r g a n i c  m a t t e r  o r  cover  d e n s i t y .  However, Pagano and 
Madison (1981) r e p o r t  a  s t r o n g  c o r r e l a t i o n  between meadow vo le  
numbers and abundant cover  d u r i n g  August. P ine  v o l e s  e x h i b i t e d  a  
s i g n i f i c a n t  r e l a t i o n s h i p  wi th  s o i l  compaction,  t h a t c h  dep th ,  and 
l i g h t  i n t e n s i t y .  
S t u d i e s  concerning p ine  and meadow v o l e  movements and h a b i t a t  
u s e  have monitored e s t a b l i s h e d  v o l e  popu la t ions  u s u a l l y  i n  
mainta ined o rcha rds .  Th i s  paper  r e p o r t s  on t h e  e c o l o g i c a l  
parameters  a s s o c i a t e d  wi th  p i n e  v o l e  c o l o n i z ~ t i o n  of an  abandoned 
o rcha rd .  Thus, s i t e  s e l e c t i o n  by p ine  v o l e s  and t h e  e f f e c t  o f  
p i n e  v o l e  movement and e s t ab l i shmen t  on meadow v o l e s  could  be  
determined.  
YATERIALS AND METHODS 
I n  a n  i s o l a t e d  abandoned o rcha rd  i n  Montgomery County 
V i r g i n i a ,  which con ta ined  an  e s t a b l i s h e d  meadow v o l e  popu la t ion ,  
two t r a p  g r i d s  (0.25 h e c t a r e  each)  were e s t a b l i s h e d  i n  June ,  1980. 
Each g r i d  c o n s i s t e d  o f  f o u r  t r e e  rows (10  t r e e s  p e r  row) and 5 
a i s l e  rows w i t h  94 and 102 t r a p s i t e s  p e r  g r i d .  The g r i d s  were 
s e p a r s t e d  by 35 me te r s  o f  cont inuous  h a b i t a t  and were t r apped  
monthly. A i s l e  rows had l a r g e  Sherman t r a p s  6 meters  a p a r t  and 
t r e e  rows had 2  sma l l  Sherman t r a p s  a t  each a c t i v e  t r e e  s i t e .  
T raps  were b a i t e d  wi th  o a t s  and a p p l e s  and were p laced i n  v o l e  
runs .  Tree  t r a p s  were dug i n t o  runways and covered wi th  t a r  
paper .  Meadow v o l e  popu la t ions  were monitored throughout  t h e  
s t u d y  wh i l e  p i n e  v o l e  popu la t ions  were monitored a f t e r  t h e i r  
r e l e a s e  i n  1980 and 1981. 
I n  September,  1980 94 p i n e  v o l e s  (47dd, 4799) were r e l e a s e d  
on t h e  c o n t r o l  g r i d  bu t  subsequen t ly  colonized t h e  exper imenta l  
g r i d .  S ince  few members o f  t h i s  popu la t ion  survived t h e  w i n t e r ,  a  
second r e l e a s e  o f  100 p ine  v o l e s  ( 5 0 8 4  5099) was conducted on t h e  
exper imenta l  g r i d  i n  J u l y ,  1981. Voles were r e l ea sed  on t h e  
c e n t r a l  p o r t i o n  o f  t h e  g r i d s ,  2 p a i r s  p e r  t r e e .  
411 t rapped animals  were t o e  c l i pped  and /o r  e a r  tagged,  
sexed,  measured ( t o t a l  l e n g t h  and body l e n g t h ) ,  and r ep roduc t ive  
c o n d i t i o n  recorded ( t e a t s ,  vag ina ,  and t e s t e s ) .  A l l  t r a p  and 
r e c a p t u r e  d a t a  was recorded on g r i d  maps t o  n o t e  a r e a s  o f  o v e r l a p  
and movement p a t t e r n s  w i t h i n  t h e  popu la t ion .  Popu la t ion  d e n s i t i e s  
were c a l c u l a t e d  by minimum number known a l i v e  (YNKA) ( ~ r e b s ,  1966) 
bo th  b e f o r e  and a f t e r  p ine  v o l e  i n t r o d u c t i o n .  
Vege ta t ion  and s o i l  c h a r a c t e r i s t i c s  f o r  s i t e s  where e i t h e r  
p i n e  v o l e s ,  meadow v o l e s ,  o r  no v o l e s  were captured  were 
q u a n t i f i e d .  Vege ta t ive  ground cover  was determined f o r  0-25 cm i n  
h e i g h t ,  25-50 cm and 50-100 cm us ing  a  0.5 by 1  meter v e g e t a t i o n  
cover  board.  Tree  cover  was c h a r a c t e r i z e d  f o r  0-1.5 m and 1.5-7 m 
u s i n g  3 7 m h igh  by 10 cm wide cover  d e n s i t y  board.  A t  each s i t e  
s o i l  mo i s tu re  and pY was recorded us ing  a  Takemum s o i l  pH and 
humidi ty  t e s t e r .  S o i l  samples were obta ined wi th  a  s o i l  auge r  and 
l i t t e r ,  A hor i zon ,  and B ho r i zon  dep ths  were measured with a  
r u l e r .  The r e l s t i v e  pe rcen tage  o f  g r a s s e s  and f o r b s  were noted a t  
each s i t e .  
I n  J u l y ,  1981 a  random sample o f  66 t r a p  s i t e s ,  a t  bo th  t r e e s  
and a i s l e s ,  on each g r i d  was chosen f o r  h a b i t a t  a n a l y s i s .  Th i s  
sample served t o  c h a r a c t e r i z e  t h e  h a b i t a t  a v a i l a b l e  i n  t h e  o rcha rd  
p r i o r  t o  t h e  1981 p i n e  v o l e  r e l e a s e .  Sxper imenta l  samples were 
ob ta ined  immediately a f t e r  t h e  J u l y ,  September,  October ,  and 
November t r a p p i n g  s e s s i o n  a t  s i t e s  where e i t h e r  p ine  o r  meadow 
v o l e s  had been cap tu red .  
During September,  1981 a  second random sample of 66 t r a p  
s i t e s  on each g r i d  was conducted.  Th i s  sample served a s  a  c o n t r o l  
sample f o r  t h e  r e l e a s e  o f  v o l e s  i n  1980 s i n c e  no h a b i t a t  sampling 
had been done a t  t h a t  t ime. Sxper imenta l  samples were then  
ob ta ined  f o r  a l l  t r a p  s i t e s  a t  which two o r  more meadow o r  p ine  
v o l e s  had been captured  i n  J u l y ,  1980 through February ,  1981. 
Stepwise  d i s c r i m i n a n t  a n a l y s e s  were performed on h a b i t a t  d a t a  
from each g r i d  t o  de termine  which h a b i t a t  v a r i a b l e s  were most 
impor t an t  i n  d i s c r i m i n a t i n g  between s i t e s  where p i n e ,  meadow, o r  
no v o l e s  occurred .  
RESULTS 
Meadow v o l e  popu la t ion  d e n s i t i e s  followed t h e  same pas t e rn  on 
bo th  g r i d s  d e s p i t e  t h e  presence  o r  absence  o f  p ine  v o l ,  . The 
i n i t i a l  d e n s i t y  on t h e  exper imenta l  g r i d  i n  J u l y ,  1980 was 117/ha 
and was 55/ha on t h e  c o n t r o l  g r i d  ( ~ i g .  1 ). Meadow vo le  d e n s i t i e s  
peaked i n  t h e  f a l l  o f  1980 and then  dec l ined  through 1981. 
Bowever, t h e  i n t r o d u c t i o n  o f  p ine  v o l e s  i n  September, 1980 and 
J u l y ,  1981 had no d i s c e r n a b l e  e f f e c t  on meadow v o l e s  d e n s i t i e s .  
- 
J A S O N D J F M A M J J A S O N D J F  
Y O N l H  
J A S O N D J F M A M J J A S O N O J F  
Yomn 
Figure 1. Population d e n s i t i e s  of g. pennsylvanicus ( s o l i d  l i n e )  
and M. pinetorum (dashed l i n e s )  from J u l y  1979 - February 
1982 on t h e  experimentdl g r i d  ( A )  and con t ro l  g r i d  (B). 
Downward arrow Y-arks t h e  po in t s  of in t roduc t ion  o f  g. 
pinetorum on t h e  g r i d s .  
Throughout the  s tudy,  meadow and pine voles  were r a r e l y  
captured a t  the  same t r a p  s i t e s  e i t h e r  within o r  between t rapping 
periods. After  the  colonizat ion of the  experimental g r id  by pine 
voles  i n  1980, 36% of the t r a p  s i t e s  captured only meadow voles ,  
22% captured only pine voles ,  while l e s s  than 16% of the t r a p  
s i t e s  captured both species .  A s i m i l a r  d i s t r i b u t i o n  p a t t e r n  
occurred on the  con t ro l  gr id with 49% of the  t r a p  s i t e s  capturing 
meadow voles ,  7% pine voles ,  and l e s s  than 10% captured both 
species .  After  the  second pine vole  r e l e a s e ,  meadow and pine 
voles  again exhibi ted s p a t i a l  separa t ion  with 38% of the  t r a p  
s i t e s  on the  experimental g r id  capturing only meadow voles ,  29% 
pine vo les ,  and a t  4% of the t r a p  s i t e s  both spec ies  were 
captured. Pine voles  were captured a t  f i v e  s i t e s  (4%) a t  which 
meadow voles  had been caught during previous t rapping sessions.  
S imi la r  d i s t r i b u t i o n  pa t te rns  occurred on the con t ro l  g r id .  
During t rapping sess ions  when pine voles  were presen t ,  27% of the 
meadow voles  captured on each gr id  occurred a t  a i s l e  t r a p s i t e s  
adjacent  t o  t r e e  s i t e s  concurrent ly used by pine voles. 
Pine vole  d e n s i t i e s  were always g r e a t e s t  on the  experimental 
q r i d ,  even though the  1980 re lease  was on the con t ro l  g r id .  This 
may have been due t o  the  s i q n i f i c a n t l y  lower amount of g r a s s ,  
g r e a t e r  depth of l i t t e r ,  and g r e a t e r  depth of the  A horizon on the  
experimental g r id  when compared t o  the  con t ro l  gr id.  Pine vole  
occurrence was pos i t ive ly  cor re la ted  with l i t t e r  depth and 
nesa t ive ly  cor re la ted  with t h e  occurrence of g rasses ,  while t h e  
opposi te  c o r r e l a t i o n s  occurred with meadow voles   a able 1 ). Pine 
vole  h a b i t a t  was a l s o  character ized by high amounts of t r e e  cover. 
Meadow voles  were found i n  a reas  with a  high percentage of low 
vege ta t ive  cover. 
Both before and a f t e r  the  pine vole  re lease ,  meadow voles  
were pr imari ly  captured a t  a i s l e  s i t e s .  P r i o r  t o  the  pine vole 
in t roduc t ion ,  96% of the  meadow voles  captured on both g r i d s  were 
a t  a i s l e  s i t e s .  After  the  re lease ,  87% of the  meadow vole 
captures  on the  experimental g r i d ,  and 89% on the  con t ro l  g r i d ,  
were a t  a i s l e  s i t e s .  Seventy seven percent of the  pine voles  
captured on the  experimental g r id  and 49% on the  con t ro l  g r id  were 
under t r e e s .  
Stepwise discr iminant  funct ion analyses showed which h a b i t a t  
var iab les  accounted f o r  most of the v a r i a t i o n  i n  t r a p  s i t e s  
u t i l i z e d  by pine and meadow voles  o r  no voles .  Resul ts  from t h e  
experimental g r id  during the  f i r s t  year ( i . e . ,  Ju ly ,  1980 - 
February, 1981 ) showed s o i l  moisture and depth of the A s o i l  
horizon t o  be the  most discr iminat ing variables .  Using these 2  
h a b i t a t  var iab les  the  ana lys i s  c o r r e c t l y  c l a s s i f i e d  97% of the  
meadow vole s i t e s ,  77% of the  pine voles  s i t e s ,  and 70% of the  no 
vole s i t e s . -  The depth of the A horizon was g r e a t e s t  a t  pine vole  
t r a p s i t e s  (X = 2.1 cm) l e a s t  a t  meadow vole s i t e s  (g = 0.2 cm), 
and moderate a t  no-vole-sites (X = 0.5 cm) . S o i l  -moisture was 
lower a t  no vole s i t e s  ( X  = 34.7%) than e i t h e r  pine ( X  = 46.1%) o r  
meadow vole ( X  = 52.9%) t r a p  s i t e s .  Similar  r e s u l t s  occurred on 
the  con t ro l  g r id  where s o i l  moisture alone was the pr inc ipa l  
ractor discriminating between trapsites, with lower soil moisture 
at no vole sites (r = 72.7%) than at either pine fl = 36.5%) or 
meadow vole sites (r = 47.3%). 
During the second year  a arch, 1981 - November, 1981 ) low 
vegetative cover (0-25 cm), low tree cover (0-1.5), and depth of 
the A soil horizon were the most discriminating variables on the 
experimental grid. Using these habitat characteristics the 
analysis correctly classified 79% of the meadow vole trapsites, 
64% of the pine vole sites, and 67% of the no vole sites. Yean 
low tree cover at 30 vole sites was 40.7% which did not differ 
from pine vole sites (37.9%), but both differed from meadow vole 
sites (3.6%). Mean low vegetative cover was 39.2% for pine vole 
sites while both no vole and meadow vole sites exceeded 69 
percent. Depth for the A horizon_ was greatest for no vole sites (x = 4.2 cm) and lower for pine (X = 1.4 cm) and meadow vole sites 
(X = < 0.2 cm). 
On the control grid the relative percentage of grasses and 
percent soil moisture were the discriminating variables for the 
second year. Using these variables 79% of the meadow vole sites, 
64% of the pine vole sites, and 67% of the no vole sites were 
correctly classified. The percent grass cover was lowest at pine 
vole (X = 18.0%) and no vole sites ('il = 25.3%) and greatest at 
meadow vole sites (51 = 78.3%). As on the experimental grid, soil 
moisture was greatest at meadow vole sites, (X = 48.3%) and lower 
at pine vole(y = 31.8%) and no vole sites (X = 31.6%). 
A second set of discriminant analyses was conducted to 
discriminate between meadow and pine vole sites in the 
experimental samples. Tach analysis used only two habitat 
variables to correctly classify at least 75% of the trap sites as 
either pine or meadow vole sites. For the first year low 
vegetative cover and low tree cover discriminated between the 
habitats of the two species on the experimental grid. Pine voles 
associated with reduced low vegetative cover (?I = 42.2%) and more 
tree cover (X = 37.4%) than meadow voles (X = 75.1% and 3.3%, 
respectively). On the control grid meadow voles occurred in argas 
with thin A horizon's (X = 1.8 cm) as compared to pine voles (X = 
19.5 cm). 
During the second year meadow voles on the experimental grid 
associated with less litter (x = 0.37 cm) and thicker low 
vegetative cover (x = 72.9%) than did pine voles (X = 2.0 cm and 
8.5% respectively). On the control grid meadow voles occurred in 
moist areas (X = 48.3% moisture) with a high occurrence of grasses (x = 78.3%) while pine voles were Pound in drier areas (X = 31 .S% 
moisture) with a high occurrence of forbs (TI = 82.0%). 
DISCUSSION 
The introduction of pine voles into an orchard containing 
only meadow voles had little effect on meadow vole density or 
spatial distribution. Similar density patterns for meadow voles 
occurred on both the control and experimental grids whether pine 
voles were present or not. Yowever, because meadow vole densities 
declined from Vovember, 1980 through January, 1982 it is difficult 
to ascertain what impact pine voles would have had on a more 
substantial meadow vole population. Pine voles exhibited spatial 
isolation from meadow voles which occupied grassy aisle areas 
while pine voles primarily occupied areas under trees. Yeadow 
voles selected moist areas with abundant low vegetative cover such 
as grasses, while pine voles selected areas beneath trees where 
there was a substantial A soil horizon and litter layer, moderate 
soil moisture, and good low tree cover. Fisher and Anthony (1980) 
determined that litter layers and A horizon soil characteristics 
were important to pine vole establishment. .4dditionally Benton 
(1955) and Paul (1970) working in wooded habitats correlated cover 
conditions with pine vole occurence. These variables and others 
were significant in pine vole establishment when sypatric 
potential competitors were present. On occassion, meadow voles 
used burrows under trees which were previously utilized by pine 
voles, but in only one instance was a meadow vole found under a 
tree concurrently used by pine voles. Yore frequently, pine voles 
occurred in habitats typical for meadow voles but never for 
extended periods of time. These pine voles may have been 
exploring for more suitable habitat or dispersing to new areas. 
The lack of a significant effect of an introduced pine vole 
population on an established meadow vole population suggests that 
these two species may exhibit little competitive interaction in 
the field. Due to extensive differences in their habitat 
preferences and mode of life (i.e. forsorial vs. terrestrial) one 
might expect little competition except perhaps for food resources. 
Since forage quality is relatively high in orchards competition 
for food would be minimal. Thus, pine and meadow voles co-exist 
in limited areas such as orchards with minimal interaction and 
pine voles exhibited no measurable effect on meadow vole spatial 
patterns. However, further research is needed to determine 
whether pine vole habitat use is limited by the presence of meadow 
voles. 
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